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Abstract
This study examines the effect of screening on dot gain and variability.
Essentially two hypotheses are examined: first that as screen ruling is increased,
the level of dot gain is increased; and second that as screen ruling is increased
the level of variability is increased. These predictions are also applied to stochastic
or frequency modulated screens which are presumed to behave as very screens due
to their fine dot structure.
A mathematical model referred to as the border zone is proposed to describe the
nature of the gain and the variability for each of the screening systems.
The hypotheses were tested by printing tint patches from a variety of screening
systems (various screen rulings in addition to a FM screen) on a web press. The tint
patches were then measured for gain characteristics. This data were statistically ana
lyzed in relation to average gain and variability.
The study determined that a correlation does exist between screen ruling and dot





The job of the printer is to produce from original copy, multiple reproductions
for distribution. Ideally, the reproductions will closely resemble, even match
the original in tone, color, and sharpness. To accomplish this task the printer
utilizes high speed printing presses, enabling the timely generation of high
quality reproductions. While the technology of these presses has varied over
time, only four processes remain in commercial use today. These are: gravure,
lithography, photoengraving (letterpress and flexography), and screen printing.
Each of these utilize halftone screens in the reproduction of continuous tone
images. Processes tike collotype and screenless lithography, while used in
special applications, comprise a very small percentage of the printing population,
and are not considered in a discussion of prevailing printing processes.
Printed reproductions unlike the original copy they represent are not composed
of continuously varying tones. This is due to the fact that the presses in all but
the gravure process are unable to lay down ink of varying ink film thicknesses.
These processes are binarymeaning that they are able to either lay down a solid
uniform layer of ink, or no ink at all. To produce intermediate tones then, the
printed areamust be broken into a pattern of solid dots surrounded by white
paper. Traditionally this pattern has taken the form of a halftone. A halftone
image consists of dots which are equal in spacing and in density, but vary in
area or size.
The conversion of a continuous tone image into a halftone image consists of
partitioning the original picture into thousands of cells or picture elements
(pixels) whose average densities relate directly to the size of the corresponding
halftone dot - the size of the dot is determined by the tightness or darkness of
the analogous pixel. The halftone dots lie on a grid with equally spaced dot centers.
The spatial frequency of the grid is defined by the number of cells occurring in
a linear unit, typically an inch
-
consequently screens are measured in lines per
inch (lpi). Halftone screens are also classified according to the angle of the grid
pattern (screen angle) and by the shape of the halftone dots (round, elliptical,
square...). Screened images will appear continuous tone when the eye is unable
to resolve the individual halftone cells. The screen ruling required to achieve
this effect varies with the viewing distance.
This screening process can have detrimental effects on the quality of printed
reproduction quality. The tonal averaging inherent in the halftone process
diminishes reproductions in two ways: first, the screen acts as a high pass filter
minimizing the amount of detail achievable in the reproduction; secondly, it
reduces the color fidelity by lowering the resolution thereby decreasing the
resulting color gamut. Moire is another problem that can occur in the halftone
process. Moire is an interference pattern caused by the periodic nature of a
halftone screen; it is created by the imposition of two screened images. This
periodic interference is ehminated if the second screen is overprinted either at
the same angle as the first, or at a
30
angle from the first. In process color
printing (using a cyan, amagenta, a yellow, and a black ink to reproduce the palette
of colors encompassing the original) however, it is not customary to print with
separations all of the same angle due to the variation in color encountered as the
press varies in registration. If however, separations are placed at
30
intervals,the
fourth printer will print at essentially the same angle as the first
- 15, 45, 75,
with
105
being the same as
15
- again creating increased variability. To avoid
moire and to minimize variability the least visible printer, yellow, is placed at a
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increment, typically between the black (the separation carrying the least amount
of ink) and the cyan. This does create a moire', although not a particularly
objectionable pattern referred to as a rosette.
Another artifact that can occur in the halftone process results when the original
contains a periodic pattern which conflicts with the grid pattern of the halftone
screen. This is particularly evident when reproducing textiles such as herring
bone, tweeds, fine stripes etc.
Generally these negative effects are reduced as the screen ruling is increased.
Detail can be optimized, the color gamut increased, and rosettes virtually
eliminated by using very fine screens. Studies have determined that only in
extremely rare cases are screen rulings in excess of 200 lines per inch required
to render detail from an original recognizable. 1 Another study determined that
the optimum screen ruling, while dependent on image content, is in most cases
somewhere between 150 and 200 tines per inch.2 It has also been determined
that rosettes while observable at 150 line screens, and to a much lesser extent at
200 lines per inch, become indistinguishable at screen rulings greater than 200
lines per inch.3 This demonstrates that many of the problems associated with
the halftone process can be minimized by using screens at or near 200 lines per
inch, yet the majority of commercial printing today is still being done at or
about 150 lines per inch. The reason for this is consistency.
Any manufacturing process requires the ability to produce predictable results
-
the level of variability must fall at an acceptable level. The quality of the product
must be consistent and assignable. Without consistency the assigned quality
cannot be assured nor predicted. Consequently the character of the resulting
products cannot be known nor accounted for in the design of the product.
The technology that has grown around the halftone process has enabled printers
to produce consistent predictable results. It is this consistency that is primarily
responsible for the tremendous growth of letterpress printing in the period
precedingWorldWar II, and for the growth of the lithographic process since
that
time.4 It is interesting to note that this growth has occurred in spite of the
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fact that the halftone process has been unable to produce the level of quality
possible with either screenless lithography or
collotype.5 Screenless lithography
and collotype have failed precisely because they are difficult to control, and
because they do not yield predictable results. Their reliance on a fugacious
printing surface leads to rapid image deterioration, making consistent printing
difficult to achieve. The control mechanisms required, and the length of press
runs achievable, have made these techniques applicable only in special situations.
A new screening technology referred to as stochastic screening promises the
quality achievable with screenless techniques, as well as the predictability
and consistency derived from halftone printing. This technology itself is not
new - the theoretical basis for stochastic screening has existed for over a decade.
What is new however, is the ability of screening computers or RTPs to perform
the intense calculations required to produce the screens.
Stochastic or frequency modulated (FM) screening utilizes a system of dots all
of the same size, whose spacing or frequency is varied according to the tonal
value to be reproduced. The spatial distribution of these small dots is randomized
dependent upon the information contained in the image. "Stochastic screens
adapt to the image content. Their apparent randomness is based on a statistical
Figure 1.1 Screening Methods:
Conventional halftone screening (top Row),
Simulated continuous tone step scale (middle row),
Stochastic screening (bottom row)
evaluation of the tone and detail in adjacent portions of the picture."6 Hence the
name stochastic which is a Greek word denoting direction; as well as a term
used in mathematics to denote "random". This research paper will use the
terms stochastic screening and FM screening interchangeably.
Commonly FM screens are imaged with dots measuring 20 microns in
size.7
The reason for this is partially related to the resolution requirements of the
imagesetters manufactured for the generation of conventional screens. Most
imagesetters capable of imaging at 2400 dots per inch (dpi) use a laser with a
spot size of 20 microns - this enables the accurate reproduction of dots as small
as 1% when imaging screens at or below 150 lines per inch. To effectively
produce screens finer than 150 lpi, imagesetters require resolutions in excess of
3000 dpi. Imaging finer screens requires smaller spot sizes - consequently image
setters with resolutions at or about 3000 dpi utilizel4 micron laser spots; while
those in the 3600 dpi range will typically use a 7 micron laser spot. It follows
that FM screens utilize spot sizes of 14 and 20 microns with single spots, or by
using a 7 micron spot in 2 x 2 or 3 x 3 grids
respectively.8 See Chapter two for a
discussion of the benefits of utilizing a grouping, or amatrix of laser spots to
generate a single stochastic spot.
The advantage of FM screening lies in the elimination of screen angles and
screen rulings, resulting in an image without patterning, and displaying greater
detail. FM screening methods adapt locally to image content while using ran
domization techniques (infusing noise into the image) to etiminate periodic arti
facts.9
By using a statistical analysis of neighboring pixels, FM screens are able
to faithfully represent images with greater fidelity. Additionally, higher solid ink
densities may be achieved using FM screening techniques, increasing the color
gamut of the reproduction, further improving the quality of reproductions print
ed with this screening
technology.10
Qualitative as well as quantitative research will develop regarding this new tech
nology. Two questions that immediately arise are: 1) are images produced with
FM screens as desirable to the public as traditional halftone images, qualifying
appropriate printing systems and appropriate images where necessary; and 2) is
the technology capable of producing images with the same predictability and con
sistency as the traditional halftone process affords.
This research is concerned with the second question regarding the variability
of FM screens on press. This study will test the hypothesis that the variability
encountered in FM screens when printed will exceed the levels traditionally
encountered in halftone printing. The aim of this study is not to determine the
efficacy of FM screening, rather to quantify the level of variability encountered
in the printing of these images, and compare these with levels encountered in
the printing of traditional halftone images. The question of how FM screens are
affected in prepress operations although valid are ignored in this study.
A discussion of variability on press will follow, focusing on the concept of dot
gain. Variations affecting print quality on press manifest themselves primarily
in changes of solid ink density, ink uniformity, dot gain, and register. Of these
only dot gain is affected by image preparation. In other words, solid ink density,
ink uniformity, and register are press related variables, while dot gain is a process
related variable. It has been demonstrated in numerous studies that changes in
screen ruling affect levels of dot gain. The mathematical model for dot gain
proposed in this paper will propose a link between not only increased levels of
dot gain with higher screen rulings, but also increased levels of variability with
higher screen rulings. It follows then, that FM screens with their extremely
small spot sizes will undergo high levels of gain, and high levels of variability
on press.
Vendors and proponents of stochastic screening cite research that suggests that
FM screening actually reduces variability, rather than increase variability as is
suggested by the model described in this research paper. This validates the
belief that FM screens can accept higher solid ink densities on press without
experiencing increased levels of dot gain.
To test these competing theories, tone scales of varying screen frequencies,
including one FM screen, will be printed on a press and densitometrically
measured for gain and variability. A statistical analysis will be applied to samples
taken from the press run to determine if there is a correlation between screen
ruling and variability, and stochastic screening and variability on press. The
specifics of the pressrun, the type of press, paper, blankets, ink, etc., will affect
themagnitude of the gain and variation, but will not preclude the existence of a
correlation.
Statement of the Problem
This research paper attempts to define a relationship between screening and levels
of dot gain: specifically that finer screens undergo higher levels than coarser
screens. It will then attempt to demonstrate that fine line screening systems with
inherently high levels of gain experience a greater standard deviation (variability)
on press. From these precepts it follows that FM screening techniques utilizing
extremely small image spots will undergo greater growth, and experience higher
levels of variability
- this will constitute the third area of study. The results of
this study will provide printers and researchers with an important first step in
determining the application of FM screening.
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Chapter 2
Theoretical Basis of the Study
Principles of Control
The production of printed material is a manufacturing process. A process is
defined as the utilization of equipment and/or individuals for the purpose of
generating products, tangible or intangible. The printing process involves a
combination of workers, equipment, and materials. Each of these has some
level of inherent or natural variability, the causes of which cannot be isolated; as
well as some level of unnatural variability which can be isolated and therefore
controlled. These sources of variability in the manufacturing process are often
referred to as chance and assignable variables (Shewart 1931) or common and
special variables (Denting 1956).
1 Each printing process then, has a natural
range of variability ( a process capability ), defined by its chance or common
variation. A control chart can be used to define the upper and lower limits of
the process.











Assignable sources of variability
*process capability lies within upper
control limit and lower control limit
Time ?
Figure 2.1 Process Capability and Sources ofVariability
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The chance variables define the process capability, while the assignable variables
are responsible for the production of products whose quality is unacceptable. In
other words, manufactured products whose variation lies within the upper and
lower control limits should be deemed acceptable. Expectations to a range of
variability narrower than the natural range will result in the production of
unacceptable goods. If the process is incapable of producing acceptable goods,
three courses of action exist: 1) separate the non-conforming product; 2) utilize
a more precise process; or 3) change the design of the product. The method
chosen will likely be determined on economic grounds.
A sound economic process requires that the expectations of the product coincide
with the capability of the process. This relationship is influenced by both the
selection of the process, as well as the design of the product. Modifications in
either will result in a change in the natural variation in the process.
The use of stochastically screened images in the printing process will in effect
change the design of the final product. This in turn will have an affect on the
natural variation of the process. The variable most affected by this change in
screening will be dot gain.
Dot Gain
Dot gain is defined as the increase in size of the printed halftone dot relative to
the dot area of the original halftone film. This growth occurs during the transfer
stages from film to the press sheet; it may occur in the film assembly stage, in
the plate burning stage, or in the printing stage. Dot gain cannot be eliminated
from the process, therefore it must be identified and accounted for. Dot growth
can be minimized in the film assembly and plate burning stages if contacting
procedures are calibrated and closely monitored. Once identified, these changes
in dot size can be accounted for in the generation of the original films. Dot gain
on press manifests itself in a variety ofways, some ofwhich can be accounted for,
others cannot.
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Dot gain on press is classified into twomain categories, mechanical dot gain and
optical dot gain. Optical gain is the apparent increase in dot size caused by the
scattering of lightwithin the substrate. Ink pigments act as filters to either entirely
or selectively absorb the visible spectrum. Paper acts to support the ink film, as
well as to reflect the incident light. The image is rendered to the eye by light
either reflecting or not reflecting back to the eye in areas of no ink and ink
respectively. As light strikes the paper however, it is partially reflected and
partially scattered internally by the paper. The light that penetrates into the
paper does not emerge from the spot it entered; some of this light may travel
beneath adjacent halftone dots preventing it from being reflected back to the
eye. This effectively increases the size of the halftone dot; dots appear larger
than their physical size. Optical dot gain will become more pronounced as the
surface of the paper becomes less smooth, as screen ruling increases, and as
paper becomes more translucent. This phenomenon will remain constant for
any given paper and ink combination (assuming a consistency in the paper).
Optical dot gain then, is a measurable variable which can be manipulated in the
design of the product, and accounted for in the generation of films.
B
Figure 2.2 Optical dot gain:
A: light reflecting off white paper
B: light reflecting offwhite paper with diminished
reflection due to light being trapped under adjacent dot
C: light absorption into ink film
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Mechanical dot gain refers to the physical growth of the halftone dot during the
transfer from the printing plate to the printed sheet. It is manifest in two forms:
first by a uniform increase in size, often referred to as fill-in; second by a
directional increase in size referred to as slur and/or doubling. Fill-in is a result
of the spreading of ink into the substrate; it is affected by the ink film thickness,
the pressure at impression, the paper characteristics (smoothness and absorbency),
ink characteristics (viscosity), and levels of dampening. The level of fill-in is
very dependent upon the character of the press run; as the press varies in ink
and water balance, as it varies in solid ink density, as the atmospheric conditions
in the press room change... fill-in will be affected.
Directional dot gain can be further broken into two categories, slur and doubling.
Slur is an elongation predominate at the trail edge of the halftone dot. It is a
smearing of the dot which occurs in the direction of paper travel through the
press. Slur can be attributed to the differences in surface speed between the
printing surfaces of the printing press. This discrepancy in speed, caused by a
difference in diameter between the impression cylinder and the image carrying
cylinder, creates a slippage at the printing nip creating a slurring at the transfer
point; dots become elongated. Doubling, anothermechanical phenomena,
results from a double impression. Doubling occurs on a multicolor press, when
the blanket from one unit picks up a faint impression from the still wet ink on
the printed sheet from a previous unit. This faint impression (ghost dot) will
back transfer to the next sheet; if the position of this next sheet sheet is out of
register with the previous sheet, the out of register ghost dot is seen as a dou
bling of the true halftone dot. Doubling is a function of the slight variations in
register that occur in a press run. The magnitude of gain is affected primarily
by the precision of the press. Slur and doubling are more dependent on the
physical condition of the printing press, and cannot be minimized without
adjustments to the press.
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Border Zone Theory
The cumulative effect of gain does not bias a printed gray scale in equal fashion.
Empirically it has been determined that the degree of change is greatest in the
middle and successively less toward either end of the scale. The middle tone
dots undergo the greatest change in size, while the highlight and shadows (the
dots on either end of the scale) realize a relatively small change in size. When
the empirical data on dot gain is plotted as a function of dot size, a bell shape is
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Figure 2.3 Iso-contour curve describing the nature of dot growth.
gain curve will depend on many variables, related to both press and prepress, a
basic bell shape will prevail.
Amathematicalmodel of dot growth called the border zone, or Isokonturen theory
can be used to explain the nature of this dot
growth.2 The theory asserts that
the linear or radial growth for any given dot in the scale is constant
- each of
the dots comprising a halftone scale grow by some fixed linear unit. The dot
having the greatest perimeter therefore, will undergo the greatest change in area
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(see figure 2.5).
The border zone theory implies that the dot having the greatest perimeter will
experience the greatest degree of change. The screening systems used in the
printing process place the dot with the largest perimeter in the middle of the
scale. Figure 2.4 depicts a typical dot structure with the 50% dot having the
greatest perimeter. Figure 2.5 gives a mathematical example of the border
zone theory demonstrating gain as a function of surface area; or in the case
10% 20% 30% 40% 50% 60% 70% 80% 90%
Figure 2.4 Gray scale: demonstrating the 50% dot as having the greatest
perimeter.
of a round dot, by the circumference which can be calculated by the formula:
Circumference = rcr2-
I!
The radius of a 10% round dot at 1 line per inch is 0. 1 8 .If the
entire scale undergoes a linear growth equal to
0.13" (0.065"
radial growth), then the 10% dot will enlarge 9% to a 19% dot:
(3.14)(.18)2
= 10 (3.14)(.18+.065)2 = 19
Dot gain at the 10% dot equals 9%.
The radius of a 50% round dot at 1 line per inch is 0.40 . If the
entire scale undergoes a linear growth equal to
0.13" (0.065"
radial growth), then the 50% dot will enlarge 18% to a 68%
dot:
(3.14)(.40)2
= 50 (3.14)(.40+.065)2 = 68
Dot gain at the 50% dot equals 18%.
Figure 2.5 Border Zone Theory: demonstrating the successive increase in
gain as the 50% dot is approached.
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Screen Ruling and Dot Gain
The border zone theory can also be used to explain the increase in gain that
occurs as finer screen rulings are used. Although the area of area of a fifty
percent tint at a course screen is the same as a fine screen tint, the cumulative
surface area of the fine screen is far greater. Take for example a 50% tint at one
lpi compared to a 50% tint at two lpi. The radius of the dot at 1 lpi is .4", and
the radius of the dots at 2 lpi are .2". The circumference of the single 50% dot
at 1 lpi is
2.5"





times four dots in the
1"
unit area equals 5").
If the linear growth of a halftone dot remains constant for a given system, the
gain in area for finer screens will be higher than that of coarser screens. The
following example assumes a gain of 18% for a 150 lpi screen.
150 lpi
Area of cell - h x w
100% = (6.67 x
10"3)2
-? 4.44 x 10"5
50% = .5(4.44 x 10"5) -? 2.22 x
10"5






Radius of 50% ={ (2.22 x Kr^.H}1^
-* 2.66 x 10~3
Radius of 68% ={ (3.02 x \Q-5)l3.l4}lli
~* 3.10 x 10"3
*
radial difference between 50 & 68%
=
4.40 x 10'4
The difference between the 50% and the 60% dot at 150 lpi equals 4.40 x 1(H.
By defining this radial increase as the inherent gain of the system ( for a given
set of conditions) the model demonstrates that the gain in area for finer screens
will be greater than the 18% gain experienced at 150 lpi. The following two







Area of 100% = (5.00 x
10"3)2
-> 2.50 x 10"5
50% = .5(2.50 x 10-5) - 1.25 x
10'5
Radius of 50% = {(1.25 x 10-5)/3.14}V2 -? 2.00 x
10"3
Radius of 50% + Gain = 2.00 x 10"3 + 4.40 x 10"4
- 2.44 x 10"3
Area of 50% + gain =
7ir2
= (3.14)(2.44 x 10"3)2-> 1.86 x
10"5
% area of 50% + gain = 1.86 x 10"5 /2.50 x 10"5
= 74.5%
By increasing the 50% dot on a 200 line screen by the gain inherent to the system
(increasing the radius by 4.40 x 10"4), the resulting dot expands to become 74.5%
in size, indicating a gain of 24.5% - 6.5% greater than the gain experienced at
150 lines per inch. This effect is even more evident when a screen of 300 tines
per inch used. In this case, the 50% dot will grow to a 90% dot area, indicating




Area of 100% = (3.33 x 10"3)2 -? 1.10 x 10"5
50% = .5(1.10 x 10"5) -> 5.54 x
10"6
Radius of 50% = {(5.54 x lO-^.H}1^ -^ 1.33 x 10"3
Radius of 50% + Gain = 1.33 x 10"3 + 4.40 x 10"4
-> 1.77 x 10'3
Area of 50% + gain = 7ir2
= (3.14)(1.77 x 10"3)2- 9.84 x 10"6
% area of 50% + gain = 9.84 x 10-6/2.50 x 10"5
= 90%
Summary - Border Zone & Conventional Screening
The border zone model is an effective way to describe the growth of the halftone
dot. It provides an explanation for the shape of the iso-contour curve, as well
as describes why greater growth occurs at finer screen rulings. It also verifies
the premise of this study, that greater variation will occur as the screen ruling
is increased: small variations in the linear growth of the halftone dot will have
significantly greater affect on the area of the halftone dot in finer screens;
consequently the variability inherent to sheets printed with finer screens will
be greater.
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Border Zone Theory and FM Screening
FM screens are imaged with spot sizes ranging from 14 microns to 34 microns
depending on the resolution picked at the image recorder. These relate to
extremely small halftone dots. A 20 micron spot is equivalent to a 2% dot on a
200 line screen and a 50% dot on a screen approximately 600 lines per inch. If
the model is correct,this screening technology utilizing a very small image dot
will behave as the fine screen, demonstrating greater variability on press. See figure
2.4.
The radius of a 50% round dot at 150 line per inch is 2.66 x 10 J
If the entire scale undergoes a linear growth equal to 8.80 x 10"4
(4.40 x radial growth), then the 50%dot will enlarge 18%
to a 68% dot:
(3.14)(2.66 x
10"3)2
= 50 i Dot gain at the 50% dot




The size of a FM spot at 20 microns is equivalent to a 1% dot at
150 lines per inch ? radius = 3.76 x 10"4. A fifty percent tint at
an equivalent 150 lpi screen appears at the left. This is as it would




By applying a constant radial growth of 4.40 x
10~4
to the
20 micron pixel (1% at 150 lpi.) it grows to the equivalent of a 4%
dot. Fifty of these enlarged pixels placed in the defined boundaries
exceed the area, yielding a gain of fifty percent.
Figure 2.6 FM screens and dot gain.
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An Alternate Theory
Testing performed by Anson Howsley of Case Hoyt suggests that printing with
very fine screens actually reduces variability on
press.3 Amodel proposed by Franz
Sigg ofRochester Institute of Technology attempts to explain this phenomenon:
as the image carrier on the plate is reduced in size the ability of that spot to carry
an ink film becomes limited.4 In other words the ability of an image spot to
receive ink or to build up an ink film is directly related to the size of the image
spot. This is due to the physical properties of an ink film, and possibly due to a
limiting effect of the adjacent water non-image area (see figure 2.6). Consequently
even as a fine screen experiences greater gain in accordance with the border zone




Image spot on Plate
lnk Film Thickness
Image spot on Plate Ink Film Thickness
Fine Screen Course Screen
Figure 2.7 Image Resolution and Ink Film Thickness
Dot Fringe
When films are imaged from a recording device, the individual dots will have
some level of fringe - the edge of the dot will have less density than the center
of the dot. The width of this fringe is dependent upon the light source/film/chernistry
utilized by the system. The interaction of these variables will produce a dot with
more or less fringe. Dot fringe creates a potential problem in contacting: some por
tion of the dot fringe will not transfer to the contact image, resulting in dot growth
when utilizing negative films, and dot sharpening when using film positives. This
19
contacting step may occur in the image assembly stage of production, or in the plate
making stage of production. Present day emulsions are so well matched with
light sources, and chemistry, that contacting seldom presents a problem in a
well calibrated system. With FM screening however, dot fringe may again
present a problem. Using the concept of the border zone, it is apparent that the
fringe of a 50% dot with a FM screen will have far greater area than the fringe
of a 50% dot with a traditional screen. It follows that variation in contacting






In a FM screen the very small laser spot is actually the
same size as the image spot; and only a portion is
carried over when contacting to a plate or to anoth
er sheet of film. While the change in dot size is not
dramatic, when this loss is magnified by ten (the
number of image spots required to absorb 10% of




The traditional dot is formed by a
cluster of laser spots, consequently
the change in area due to contacting
is relatively low.
Figure 2.8 Dot Fringe and contacting
Matrix Imaging & FM Screening
In order to minimize the problems associated with dot fringe when generating
FM screens it is suggested to utilize a resolution twice that required to generate
the individual spot. The imagesetter will then utilize a 2 x 2 matrix to image a
single spot, thereby increasing the slope of the dot fringe, effectively reducing
the amount of loss as a result of fringe.5'6
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Dot Area Measurement
Densitometric evaluation will used to measure the amount of resulting dot gain
for each screen printed. The density of the halftone tint is dependent upon three
factors: the density of the solid ink film, the area of the dots, and the opacity
and brightness of the paper surface.7 The Murray-Davies equation was the first
to define a relationship between the density of a tint and the corresponding dot
size for the tint. It stated simply that the halftone will absorb the incident light
proportional to the absorption of the solid, dependent on the size of the halftone
dot:
Area = At/As
where At and As represent the respective absorption
of the tint and the solid.
(A = 1-R) .. To convert this to density, first convert to reflectance
Area = (1-Rt)/(1-Rs) which is the inverse of absorption
_ , , _ n density and reflectance are inversely related, and density
D = log 1/R or R =
10"D
.,.,.,
is a loganthmic scale
Area = (1 - 10"Dt)/( 1 - 10"Ds) TheMurray Davies equation expressed in density
This equation is based on the premise that the paper surface is a not translucent.
As mentioned in the discussion of optical dot gain, paper is not a perfect reflector.
For this reason Yule determined that theMurray-Davies equation is not accurate
in determining dot
area.8 The Yule-Nielsen equation, in an attempt to compensate
for the scattering of light in the substrate, modifies theMurray-Davies equation
by factoring in an n value . The n value is dependent on the surface characteristics
of the paper and modifies theMurray-Davies equation as follows:
Area = (1 10"Dt/n)/( 1 - 10"Ds/n)
This equation while improving on theMurray-Davies equation still fails to
account for all of the potential inaccuracies inherent in the original premise.9
Additionally, the n factor of the substrate is a very difficult parameter to derive.
For these reasons, the Murray-Davies Equation will be used to determine dot
area.
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Chapter 3
Review ofLiterature
Stochastic screening is a new technology, therefore no published studies were
found in the literature. While many articles have been written in reference to
dot gain, only a few relate dot gain to screen ruling. Finally, no literature could be
found relating variability to screen ruling.
Screen Frequency and Image Quality
A number of studies have been performed relating screen ruling to image quality.
Neugebauer, Bickmore, and Rhodes (1962) attempted to determine the limit
beyond which an increase in screen ruling did not improve the quality of the
reproduction.1 Prints were made from a common image, with screen ruling
being the only variable in the reproductions. The reproductions were analyzed
for visible dot structures, and for rendition of detail. They determined that 150
lines per inch was sufficient in most circumstances to reproduce the detail of
the original; that 200 lines per inch showed improved detail rendition only in
highly detailed originals; and that screen rulings greater than 200 lines per inch
showed improvement only in extremely rare cases. They also determined that
screens of 200 lines per inch were sufficient to render rosettes in imperceptible.
Chantana Tangseree (1984) examined the effect on quality of screening with
regard to originals of varying image
quality.2 She found that while screens under
100 lines per inch contributed significantly to the quality of the reproduction,
screens from 100 lpi to 200 lpi demonstrated little difference in image quality.
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In fact the reproduction at 133 lines per inch had a highermaximum density
than the other prints, and was preferred over the 200 line reproduction; leading
her to believe that solid ink density was more important than screen ruling in the
perceived quality of the reproduction.
Yi-sheng Lu (1987) determined that there was not a significant difference in
perceived image quality between high key, low key and normal key images
screened at 150 lpi and 200 lpi.3 His test comparedMatchprint proofs in order
to eliminate press variation from the study. He found that the optimum ruling
for each of these types of images with the given output condition was between
150 tines per inch, and 200 lines per inch.
Screen Frequency and Dot Gain
Warren Rhodes (1955) was the first to analyze dot
gain.4 He described the
effect as definition, and stated that poor definition was a result of: an general
increase in the size of the dot which he referred to as fill-in; and a directional
increase referred to as slur. He examined definition in fine and course screens,
and determined that fine screen tints fill-in more readily than course screen
tints. He suggested that because a 300 line screen has approximately 25 times
as many dots per unit area as a 65 line screen, it should increase at five times
the rate of the 65 line tint.
Calabro, Fabbri, and Laurenzi (1967) determined that for a given printing con
dition, the variables most affecting tone reproduction are screen ruling and
solid ink density.5 If a relationship exists between screen ruling and tone repro
duction, then some factor must account for changes in tonal rendering as a
function of screen ruling
- this factor is dot gain. Although this study fails to
define a relationship between screen ruling and dot gain the relationship can be
inferred from the results.
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Dawn Link (1986) studied the effect of screen ruling a newspaper prints and
determined that screen ruling has a significant influence on the amount of dot
gain.6 She found that images printed with fine screen rulings demonstrated high
er levels of average dot gain than those printed with coarse rulings. Images
were screened at 651ip, 851pi, 100 lpi, and 150 lpi, and printed on newsprint
utilizing a Goss Community press.
Muirhead, Burgstein, and Fahr (1985) in their North American print survey
made reference to a causal relationship between fine screens and high levels of
dot gain.7 In their suggested model, if the gain for an image printed under
SWOP conditions at 150 lines per inch is 24%, then the gain for an image at
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Figure 3.1 Dot gain as a function of screen ruling.
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This study examines four hypotheses. They are as follows:
Hypothesis 1: that when all other factors are held constant, tone scales printed
with higher screen frequencies will demonstrate higher average dot gain than
scales printed with lower screen frequencies.
Hypothesis 2: that when all other factors are held constant, tone scales printed
with higher screen frequencies will demonstrate a greater dot gain range
(variability) throughout a press run than scales printed with lower screen fre
quencies.
Hypothesis 3: that when all other factors are held constant, tone scales printed
with FM screens will demonstrate higher average dot gain than scales printed
with tradition amplitude modulated screens.
Hypothesis 4: that when all other factors are held constant, tone scales printed
with FM screens will demonstrate a greater dot gain range (variability)





Design of the Experiment
This study examines the effect of screening on levels of dot gain, and levels of
variability. To measure the amount of dot gain occurring at different screens,
stepped gray scales were electronically generated and output utilizing different
screen parameters. Films were output on an Agfa SelectSet 5000 utilizing
AgfaDot screening technology at a resolution of 2400 and 3600 dot per inch.
In order to eliminate film contacting as a source of variation, the first generation
films were stripped and imaged onto 3M 6MX plates. The test form was then
printed on a Harris M- 1000 web press.
Due to the varied nature of the screening present on the test form, three systems
were used to generate films. Four of the targets were generated utilizing a single
stepped scale created in Photoshop. This element was positioned on a page using
QuarkXpress. The Quark page was sent to the imagesetter four times, each time
defining a different screening parameter: the four targets contain tradition AM
screens at 100 lpi, 150 lpi, 200 lpi, 300 lpi. The 200 and 300 line screens
required an imagesetter resolution of 3600 but the 100 lpi algorithm was not
present at this resolution. Consequently each element was output separately -
the 100 and 200 line screens at 2400 dpi, and the 200 and 300 line screens at
3600 dpi. In order to generate a 500 line screen, a high end film plotter was
required. This element was designed on a Scitex Imager III, and output to a
Screen SG-608 scanner. The final scale was generated from the same
Photoshop file as above, however, the file was altered using UGRA Velvet
27
28
Screening technology. This allowed the file to be stochastically screened utilizing
a 21 micron spot when RTPing at the output device. Due to accessibility the
author was only able to personally linearize the output from the SG-608 scanner.
At the time of output the author was reasonably sure that the output devices
were correctly calibrated.
Films weremeasured with an X-Rite transmission densitometer located in the
Color Electronic Prepress Lab at RIT. The device was calibrated by the author,
and zeroed for each set of films measured.
The forms were stripped by the Technical And Education Center at RIT. Plate
making was supervised by Franz Sigg. In order to maximize the resolution
capability of the plate, each was exposed to a solid 2 on aUGRA scale; plates
were then post exposed to minimize plate wear, and insure the integrity of the
extremely small image areas present in the fine screens.
Each scale consists of nine rows
including: the printing primaries, the
two color overprints, a single color
black, a three color black, and a bal
anced gray. Each row will consist of
twelve steps: from ten to one hundred
in 10% increments, including 5% and
95%. The scales provide the primary
quantitative data for the study.
5 10 20 30 40 50 60 70 80 90 95 100
c













1 IIIII! 1 E *
B
Figure 5.1 Target scales
In order to reduce the variation due to uneven inking across the sheet, two sets
of scales were produced and their placement on the test form was randomized
ie. tint scales having the same screening parameters were not printed in line.
Measurements were taken from both scales and results were averaged, eliminating
inking as a source of variation.
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The press run was performed by the RIT Technical and Education Center
web crew. The press was brought to a ready state utilizing densitometric
evaluation. The press inking was adjusted to produce solids conforming to
SWOP specifications. A 3-color gray bar was included at the top of the
form in order to facilitate inking makeready. A preliminary makeready was
performed on a supplemental paper due to the limited amount of test paper
available. The form was printed on Consolidated Paper's Reflections, a #1
grade in order to yield the highest quality, given the stringent requirements
of the test form. A second makeready was performed on the test paper, and
once the press was in a stable running condition (as determined by head
Pressman Danny Clark), thirty samples were drawn at random. The press was
run at a speed of 1000 feet per minute. Samples were drawn for six minutes at
a rate of 1 sheet every ten seconds.
The sample press sheets were analyzed with a Cosar Autosmart densitometer.
Each of the 576 tint patches comprising the four process colors were measured
per sheet utilizing the automated densitometer. The data were transferred to
Microsoft Excel where they were prepared for analysis. The statistical tools
present in the Excel application were used to analyze the results.
In addition to the quantitative elements contained in the form, three images
were included to provide subjective analysis. The images provided an informal





Each of the thirty sample press sheets were densitometrically analyzed. While
measurements were taken from each of the process separations, only the cyan
and magenta separations were utilized for data analysis. Two strategies were
used in analyzing the gain and variability for each screening system.
The first strategy (here after referred to as the 50% patch method) consisted
ofmeasuring the 50% patch for each of the twelve targets printed
- two patches
for each of the six screening systems used. The dot area of each patch was
calculated using theMurray-Davies equation; and the gain was calculated by
subtracting the measured dot area of the film originals from the calculated area
determined from the press sheet. The two numbers representing the gain for the
50% patch for each screening system were averaged (in an attempt to eliminate
inking as a variable) yielding a percent dot gain for each screen for each of the
thirty samples. This data was then used in a number of statisticalmeasurements.
A grand average was calculated for each screen ruling (averaging the gain for
each of the thirty samples) which represented the dot gain experienced by each
of the screening systems for the given printing system. This grand average for
each ruling was then plotted and analyzed utilizing regression analysis tech
niques to determine the existence of a relationship between screen ruling and
dot gain; and to determine the nature of this relationship (hypothesis #1).
The second strategy used to analyze dot gain (hereafter referred to as the
maximum gain method) involved determining the highest gain for each
screening system regardless of location on the printed scale. For instance it
was noted that the highest gain for the finer screens occurred between the 30%
and 40% tints, not at the 50% tint. Consequently the patches representing the
highest level of gain were compared for each screening system. This data was
then analyzed also utilizing regression analysis techniques (hypothesis #1).
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In addition to analyzing the average dot gain produced by each screening systems,
the range of gain demonstrated and the standard deviation for each population
was calculated. The range for each of the conventionally screened targets was
plotted and analyzed with regression analysis to determine the existence and
nature of the relationship between screen ruling and variability; and the stan
dard deviation was used to assist in the interpretation of the regression data
(hypothesis #2). Data were collected for both the 50% patch method, and the
maximum gain method.
FM Screening
The dot gain data for the FM scale were compared to that of the conventional
scales utilizing a z test to determine if the gain characteristics in the FM scale
were significantly different than the gain in any of the conventional scales. The
FM scale was compared to each of the conventional scales individually in order
to isolate differences and determine significance. Again data were collected for
each of the mentioned strategies (hypothesis #3).
Finally, the distribution of the data for the FM screen were compared to that of
the conventional screens to determine if a difference in variability existed between
the FM screen, and each of the AM screens. This was done with an F test, com
paring the distribution of the FM data with each of the AM screens individually.
In addition the standard deviation of the FM screen data was calculated to
assist in the interpretation of the F test. Data were again collected for each of
the afore mentioned collection strategies.
Chapter 6
Results
Statistical analysis of the data yields some astounding results. The following
presents the data in both tabular and graphic forms. First an informal analysis
is presented to establish an overview of the data. This will bring to light general
trends suggested by the data. Secondly the data is presented in a graphic format
so that the readermay visually experience the trends suggested by the data. Finally
the data is rigorously analyzed; each hypothesis is tested and the statistical
tools used are presented for each.
The collected data were analyzed for the cyan and magenta separations only.
These data correlate well with one another and suggest a trend that can be
inferred for each of the units on the press run. In addition, only the dot gain
characteristics from the thirty, forty, and fifty percent patches were analyzed.
The highest level of gain was present within this range, and represented the
major area of interest for this research. Finally, the data are presented utilizing
two strategies: one presents the data for the patch most closely measuring 50%
for each screening system ( the 50% patch method); the other presents the
data for the patch yielding the highest level of gain for each screening system
regardless of the input value (the maximum gainmethod). This was done to
account for shift in the dot gain curve as measured on the finer screens.
The following tables present an informal analysis of the data. They include an
analysis of: the average gain for each of the screening systems used; the readings
from the sheet having the lowest gain, and the sheet having the highest gain from
the thirty samples taken for each screening system (ntinimum andmaximum);
the subsequent range fromminimum to maximum; the standard deviation for
the thirty samples taken for each screening system; and the variability encoun
tered for each system.
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1) Data for the 50% patchmethod...
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Magenta: Dot Gain Levels
Screen % Dot Area Ave Max Min Range StDev Var
100 lpi 46.8 24.6 26.3 23.6 2.7 0.52 0.27
150 lpi 46.1 31.0 34.6 29.4 5.2 1.05 1.10
200 lpi 49.1 34.2 37.1 32.9 4.2 0.76 0.58
300 lpi 46.2 40.4 42.2 39.4 2.8 0.52 0.27
500 lpi 52.9 38.4 39.7 37.7 2.0 0.46 0.21
21 71 Spot 52.2 39.3 40.1 38.9 1.2 0.25 0.06
Cvan:
Dot Gain Levels
Screen % Dot Area Ave Max Min Range StDev Var
100 lpi 46.4 23.5 24.6 22.9 1.7 .41 .17
150 lpi 46.2 30.4 31.8 29.2 2.6 .61 .38
200 lpi 49.4 35.3 36.4 34.3 2.1 .55 .30
300 lpi 47.3 39.7 41.0 38.8 2.2 .54 .29
500 lpi 52.8 40.7 41.0 40.2 .8 .21 .05
21 n Spot 51.8 42.8 43.1 42.5 .6 .15 .02
Four important observations can be made from these data. First the amount of
dot gain did rise as the screen ruling was increased
- from 25% to 40% for the
magenta printer, and from 24% to 41% for cyan. Second, the FM screen under
went a very high level of dot gain
- 39% for themagenta and 43% for the cyan.
Third, the level of variation (standard deviation) among the conventional screens
appears to decrease as the screen ruling increases above 150 lines per inch. And
finally, the variability of the FM screen appears lower than that of the conventional
screens. The first two observations correlate well to hypotheses one and three,
which predict greater gain as finer screening systems are used; the last two
observations appear to contradict hypotheses two and four, which predict greater
variability as finer screening systems are used. Examine the data for the points
yielding the highest level of gain for each screening system (maximum gain) to
see if these same trends are apparent.
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1) Data from the maximum gainmethod..
Magenta:
Dot Gain Levels
Screen % Dot Area Ave Max Min Range StDev Var
100 lpi 46.8 24.6 26.3 23.6 2.7 0.52 0.27
150 lpi 46.1 31.0 34.6 29.4 5.2 1.05 1.10
200 lpi 38.4 36.5 40.1 35.0 5.1 0.91 0.83
300 lpi 35.8 42.3 44.6 41.3 3.3 0.72 0.51
500 lpi 33.3 46.7 50.2 45.4 2.8 0.95 0.89
21 7t Spot 38.1 46.7 48.9 46.0 2.9 0.54 0.30
Cvan:
Dot Gain Levels
Screen % Dot Area
46.4
Ave Max Min Range StDev
.41
Var
100 lpi 23.5 24.6 22.9 1.7 .17
150 lpi 46.2 30.4 31.8 29.2 2.6 .61 .38
200 lpi 38.7 37.1 38.8 35.6 3.2 .77 .59
300 lpi 36.5 41.2 43.3 39.4 3.9 .89 .80
500 lpi 32.9 47.9 49.2 46.4 2.8 .75 .56
21 n Spot 28.3 49.9 51.8 48.2 3.6 .84 .71
Similar observations can be drawn from these data:
Again there is a clear trend of increasing dot gain with increased screen ruling.
The dot gain for the FM screen is again very high.
The magenta data suggest a decrease in variability associated with an
increase in screen ruling; but the cyan data do not support this observation.
The data for the magenta FM screen indicate a very low variability, while
the data for the cyan FM screen do not.
The data as presented in using either of these techniques support hypotheses
one and three, and to varying degrees both tend to discount hypotheses two and








The figures to the right display
dot gain for each of the screening
systems as a function of the dot
area. Two things are evident:
first, the dot gain for any specific
70 T
system is highest approximately
60 i
in the middle, and decreases to 50
-
either end of the scale; and
more importantly, the level of
the gain increases with the
screen ruling. This directly
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It is also noteworthy that the
point having the highest degree
1 00 T\
of dot gain shifts toward the
quartertone as the screen ruling
is increased. This phenomenon
is explained by realizing that as
dot gain increases it must
approach a theoreticalmaximum,
which can be described by the
diagonal line running from the
upper left corner (representing
100% gain) to the lower right
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Figure 6.2 Cyan Dot Gain
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The following two figures display the variability experienced by each of the
screening systems using the 50% patch method
- the dot gain for the patch
measuring 50% on film for each of the thirty press sheets is plotted along a
timeline. It appears that the variability within a specific screening system
decreases as the screen ruling exceeds 200 lpi. The variability within the FM
screen also appears lower than that of each of the conventional screens. Again
this is in direct contradiction to hypotheses two and four.
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Figure 6.3 Magenta Variability: 50% patch method
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Figure 6.4 Cyan Variability: 50% patch method
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These two figures display the variability experienced by each of the screening
systems using themaximum gain method . Here it is less obvious whether the
finer screens are experiencing greater or less variability. The variability experi







































Figure 6.6 Cyan Variability: maximum gain method
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An informal analysis of the data presented in this fashion suggest that hypothe
ses one and three are supported by the data; while hypotheses two and four are
not only unsupported by the data, they are actually contradicted by it. Amore
rigorous analysis reveals the following:
Hypothesis 1: When all other factors are held constant, tone scales printed with
higher screen frequencies will demonstrate higher average dot gain than scales
printed with lower screen frequencies...
The average dot gain for the thirty sample sheets was compared using correlation
analysis. The analysis demonstrated that among the 50% tint patches for the
magenta printer there exists a relatively weak correlation between screen ruling
and dot gain... r2 = .62; and that a test for significance (t test) determines this
relationship to be not statistically significant. If however, the 50% tint patches
for the cyan printer are analyzed, there exists a correlation between screen ruling
and dot gain... r2
=
.73;
and a t test reveals that this relationship is significant.
Strategy #1 The 50% Patch Method
Magenta: Cvan:







t -? 2.20 t -> 2.81
Critical t
- + 2.35 Critical t -> 2.35
If dot gain is compared at its highest point for each screen ruling however, a very
high, statistically significant, correlation between screen ruling and dot gain is
revealed...r2magenta = .86; r2cyan
=
.89.










t -* 4.38 t -> 5.03
Critical t -? 2.35 Critical t - 2.35
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The reason for the discrepancy between the two methods relates to the nature
of the dot gain for these scales. The shape of the dot gain curve is respectively
more skewed toward the quartertone as the screen ruling is increased. This
means that the middletones undergo approximately equal levels of gain (see
figures 6.1 & 6.2). It is more appropriate then, to weigh the maximum gain
method more heavily when considering hypothesis #1.
Hypothesis 2: that when all other factors are held constant, tone scales printed
with higher screen frequencies will demonstrate a greater dot gain range
(variability) throughout a press run than scales printed with lower screen fre
quencies...
The distribution for each of the screen sample populations failed to demon
strate a correlation between screen ruling and variability. Each of the thirty
samples for each screening system were tested for a correlation between the
dot gain range (the difference between the minimum and maximum samples)
and screen ruling. Whether analyzing the magenta or the cyan printer, using the
50% Patch Method or theMaximum GainMethod the existence of a correla
tion was very low. The data therefore prevents an acceptance of hypothesis #2.
Strategy #1 The 50% PatchMethod
Magenta: Cvan:






t -? .69 t -> 1.78
Critical t
- + 2.35 Critical t -> 2.35
Strategy #2 TheMaximum Gain Method
Magenta: Cvan:
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Critical t -> 2.35 Critical t
- + 2.35
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Hypothesis 3: that when all other factors are held constant, tone scales printed
with FM screens will demonstrate higher average dot gain than scales printed
with tradition amplitude modulated screens...
A z-test (Two Sample forMeans) was used to determine if a significant difference
existed between the FM screen population and each of the AM screen populations.
The results demonstrate that the FM screening system realized a significantly
higher level of gain than almost all of the AM screens:
1) The 50% Patch Method revealed a significant difference in the level of
gain between the FM screen and all but the 300 line conventional screen
for the magenta printer, and a significant difference versus each of the
conventional screens for the cyan printer.
Strategy #1 The 50% Patch Method
Magenta: Cvan:
FM Screen 100LPI FM Screen 100LPI
Mean 39.35 24.61 Mean 42.84 23.52
z 57.1 z 74.84
z Critical 2.0 z Critical 2.0
FM Screen 150LPI FM Screen 150LPI
Mean 39.35 31.04 Mean 42.84 30.43
z 32.2 z 42.27
z Critical 2.0 z Critical 2.0
Strategy #1 The 50% Patch Method Cont.
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Magenta: Cvan:
FM Screen 200LPI FM Screen 200LPI
Mean 39.35 34.0 Mean 42.84 35.29
z 19.8 z 29.23
z Critical 2.0 z Critical 2.0
FM Screen 300 LPI FM Screen 300LPI
Mean 39.35 40.4 Mean 42.84 39.72
z -4.2 z 12.08
z Critical 2.0 z Critical 2.0
FM Screen 500 LPI FM Screen 500LPI
Mean 39.35 38.4 Mean 42.84 40.66
z 3.6 z 8.46
z Critical 2.0 z Critical 2.0
2) The Maximum GainMethod revealed a significant difference in the level
of gain between the FM screen and all but the 500 line screen for the
magenta printer, and again in all cases for the cyan printer.
Strategy #1 TheMaximum GainMethod
Magenta: Cvan:
FM Screen 100LPI FM Screen 100LPI
Mean 46.75 24.61 Mean 49.90 23.52
z 85.4 z 102.2
z Critical 2.0 z Critical 2.0
FM Screen 150LPI FM Screen 150LPI
Mean 46.75 31.04 Mean 49.90 30.43
z 60.5 z 75.39
z Critical 2.0 z Critical 2.0
page 41
Strategy #1 TheMaximum GainMethod Cont.
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Magentii: Cvan:
FM Screen 200LPI FM Screen 200LPI
Mean 39.35 34.0 Mean 42.84 35.29
z 19.8 z 29.23
z Critical 2.0 z Critical 2.0
FM Screen 300 LPI FM Screen 300LPI
Mean 39.35 40.4 Mean 42.84 39.72
z -4.2 z 12.08
z Critical 2.0 z Critical 2.0
FM Screen 500 LPI FM Screen 500LPI
Mean 39.35 38.4 Mean 42.84 40.66
z 3.6 z 8.46
z Critical 2.0 z Critical 2.0
For the FM screen tested in this research, generated with a 21 micron spot,
the analysis reveals a higher level of gain than that of conventional screening
techniques. As the screen ruling of conventional screens achieve very high
levels (300 and 500 lines per inch) the amount of dot gain becomes very high,
although the FM screen in most cases exceeded even these levels.
Hypothesis 4: that when all other factors are held constant, tone scales printed
with FM screens will demonstrate a greater dot gain range (variability)
throughout a press run than scales printed with tradition amplitude modulated
screens...
An F-test (Two Samples for Variances) was conducted to compare the variation
of the FM population with each of the AM populations. The results for the
magenta and cyan printers vary greatly.
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The results from the magenta printer indicate that the FM screening system did
demonstrate a significant difference in variability compared to the AM screens
in all but one case. It is surprising that the FM screen exhibited lower variabili
ty than the conventional screens. The results for the magenta are as follows:
1) The 50% PatchMethod revealed a significant difference in the level of
variability between the FM screen and the conventional screens in all cases.
2) TheMaximum Gain Method revealed a significant difference in the level
of variability between the FM screen and all but the 100 line screen.
Magenta Printer:
Strategv #1 - The 50% Patch Method
FM Screen 100LPI
Strategv #2 - The Maximum Gain Method
FM Screen 100LPI
Mean 39.35 24.61 Mean 46.7 24.61
F 4.4 F 1.1
F Critical 1.6 F Critical 1.9
FM Screen 150LPI FM Screen 150LPI
Mean 39.35 31.04 Mean 46.7 31.04
F 17.9 F 3.7
F Critical 1.6 F Critical 1.6
FM Screen 200LPI FM Screen 200LPI
Mean 39.35 34.0 Mean 46.7 36.5
F 9.5 F 2.8
F Critical 1.6 F Critical 1.6
FM Screen 300 LPI FM Screen 300LPI
Mean 39.35 40.4 Mean 46.7 42.3
F 4.3 F 1.7
F Critical 1.6 F Critical 1.6
FM Screen 500 LPI FM Screen 500LPI
Mean 39.35 38.4 Mean 46.7 46.7
F 3.5 F 3.0
F Critical 1.6 F Critical 1.6
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The results for the cyan printer are as follows:
1) Like the magenta printer, the cyan printer using the 50% Patch Method
revealed a significant difference in the level of variability between the FM
screen and the conventional screens in all cases.
2) Unlike the magenta printer however, the cyan printer using theMaximum Gain
Method revealed a significant difference in the level of variability for the FM
screen only when compared to the 100 and 150 tine screens
- and the variability
measured for the FM screen was higherl The FM screen when compared to the
200, 300, and 500 line screens showed no significant difference in variability.
Cyan Printer:
Strategv #1 - The 50% Patch Method Strategv #2 - The Maximum Gain Method
FM Screen 100LPI FM Screen 100LPI
Mean 42.84 23.52 Mean 49.9 23.52
F 7.05 F 4.22
F Critical 1.62 F Critical 1.86
FM Screen 150LPI FM Screen 150LPI
Mean 42.84 30.43 Mean 49.9 30.43
F 16.11 F 1.89
F Critical 1.62 F Critical 1.86
FM Screen 200LPI FM Screen 200LPI
Mean 42.84 35.29 Mean 49.9 37.14
F 12.6 F 1.21
F Critical 1.62 F Critical 1.86
FM Screen 300 LPI FM Screen 300LPI
Mean 42.84 39.72 Mean 49.9 41.23
F 12.15 F 1.12
F Critical 1.62 F Critical 1.86
FM Screen 500 LPI FM Screen 500LPI
Mean 42.84 40.66 Mean 49.9 47.92
F 1.93 F 1.275
F Critical 1.62 F Critical 1.86
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An examination of the characteristics for the conventional screens reveals a very
close correlation between the average dot gain for both the cyan andmagenta
printers - within a percent and a half. A similar correlation does not exist however
for the variability experienced between the two printers.What is important to
note however, is that if for the cyan printer, the nominal 40% patch (36.5) was
selected as the point having the highest gain for the FM screen rather than the
30% nominal patch (28.3) as it was for the magenta printer the results
would have been identical to that of themagenta printer. (The 40% patch mea
sured 49.1% gain, while the 30% patch measure a mere .8% higher at 49.9%
gain.) In other words a strong relationship between FM screening and decreased
variability could have been inferred from both the cyan and magenta printer. This
very small difference in gain entirely changed the interpretation of the results.
This alerted this author to a possible inaccuracy in the methodology utilized in
Cyan Printer using the 40% patch vs using the 30%patch:
Strategv #1 - The 50% Patch Method Strategv #2 - TheMaximum Gain Method
FM Screen 100LPI FM Screen 100LPI
Mean 42.84 23.52 Mean 49.1 23.52
F/critical 7.05/1.62 F/critical 1.25/1.62
FM Screen 150LPI FM Screen 150LPI
Mean 42.84 30.43 Mean 49.1 30.43
F/critical 16.11/1.62 F/critical 1.79/1.62
FM Screen 200LPI FM Screen 200LPI
Mean 42.84 35.29 Mean 49.1 37.14
F/critical 12.60/1.62 F/critical 2.80/1.62
FM Screen 300 LPI FM Screen 300LPI
Mean 42.84 39.72 Mean 49.1 41.23
F/critical 12.15/1.62 F/critical 3.80/1.62
FM Screen 500 LPI FM Screen 500LPI
Mean 42.84 40.66 Mean 49.1 47.92
F/critical 1.93/1.62 F/critical 2.65/1.62
this research. Consequently an informal analysis of the standard deviation for
all of the printed patches was made. The following table displays the average
dot gain and the standard deviation for each of the patches printed for each
screening system. The examination reveals that the level of variation is not consis
tentwithin a printed scale; specifically thatwhile the variability appears very low
for the fine screening systems (when analyzed at the printed shadows), the actual
variation for the rest of the scale is quite high. The graphic representation of this
data on the following page substantiates this observation.
Screen %dotF %dotP StDev Screen % dot F % dot P StDev
(A) 100 lpi 3.7 11.7 0.28
:
(A) 300 lpi 1.7 4.6 0.44
(A) 100 lpi 8.4 20.4 0.37 I (A) 300 lpi 4.3 19.1 0.51
(A) 100 lpi 17.5 34.5 0.46 (A) 300 lpi 11.8 402 0.92
(A) 100 lpi 27.6 47.5 0.53 ; (A) 300 lpi 20.1 56.4 0.99
(A) 100 lpi 37 58.6 0.49 : (A) 300 lpi 27.3 66.7 1.06
(A) 100 lpi 46.4 69.9 0.41 (A) 300 lpi 36.5 77.7 0.89
(A) 100 lpi 57.7 77.8 0.30; (A) 300 lpi 47.3 87 0.54
(A) 100 lpi 68.1 84.9 0.22? (A) 300 lpi 56.8 92.4 0.36
(A) 100 lpi 78.8 91.3 0.16: (A) 300 lpi 67.5 96.4 0.26
(A) 100 lpi 89.6 96.8 0.09; (A) 300 lpi 77 98.3 0.13
(A) 100 lpi 94.7 98.9 0.07 (A) 300 lpi 81.9 98.8 0.08
(A) 100 lpi 100 100 0.00: (A) 300 lpi 100 100 0.00
i: V: ^y/,: :-.-:} -y::^:. mS:M:m.:^-:-:*x.
(A) 150 lpi 3.2 13.1 0.34; (A) 500 lpi 6.1 24.4 0.75
(A) 150 lpi 7.8 24.5 0.44; (A) 500 lpi 10.9 39.7 1.07
(A) 150 lpi 16.8 40.8 0.64; (A) 500 lpi 22.7 67.2 1.12
(A) 150 lpi 26.7 54.6 0.73 (A) 500 lpi 32.9 80.8 0.75
(A) 150 lpi 36.3 65.9 0.72 i (A) 500 lpi 44.5 89.8 0.38
(A) 150 lpi 46.2 76.6 0.61; (A) 500 lpi 52.8 93.5 0.21
(A) 150 lpi 57.5 84.1 0.35: (A) 500 lpi 62.6 96.4 0.13
(A) 150 lpi 68.1 90 0.30 (A) 500 lpi 69.7 97.7 0.11
(A) 150 lpi 78.8 94.6 0.21; (A) 500 lpi 81.9 99 0.07
(A) 150 lpi 89.8 98.6 0.12; (A) 500 lpi 92.8 100 0.07
(A) 150 lpi 94.9 99.6 0.08: (A) 500 lpi 96.7 100.1 0.07
(A) 150 lpi 100 100 0.00 : (A) 500 lpi 100 100 0.00
-'-v-':;-'::.::<:::
' ^
(A) 200 lpi 2 9.1 0.50: I; (A) 21 tc Spot 2.2 11.3 0.43
(A) 200 lpi 5.7 21.9 0.54; ;; (A) 21 tc Spot 4.4 22.5 0.61
(A) 200 lpi 13.5 40.5 0.68: ;; (A) 21 n Spot 10.2 43.4 0.86
(A) 200 lpi 22 55.6 0.93: ; (A) 21 tc Spot 19.3 64.2 1.04
(A) 200 lpi 29.4 65.1 0.90 : (A) 21 tc Spot 28.3 78.2 0.84
(A) 200 lpi 38.7 75.8 0.77; ;; (A) 21 tc Spot 39.9 89 0.46
(A) 200 lpi 49.4 84.7 0.55 ; (A) 21 tc Spot 51.8 94.6 0.15
(A) 200 lpi 59 90.2 0.61; ;; (A) 21 7i Spot 64.9 97.7 0.12
(A) 200 lpi 69.7 94.8 0.35; ;: (A) 21 tc Spot 77.2 99.2 0.08
(A) 200 lpi 78.2 97.6 0.20; ; (A) 21 tc Spot 89 99.8 0.07
(A) 200 lpi 83.6 98.6 0.13 1 | (A) 21 tc Spot 94.2 99.9 0.07













The data displayed in this fashion suggests a much higher standard deviation for
the finer screening systems. It is also demonstrated that the level of variability
drops off sharply at the shadow end of the scale. As the shadows are approached
the ability for the dot to grow becomes limited; consequently, the variability is
reduced. Unfortunately the methodology employed in this study compared the
variability of the finer screening systems at the shadow end of the scale, with
the coarser screening systems measured at the 3/4 tone portion of the scale. In
addition, because the slope is so high (downward) in the shadows, the selection
of adjacent patches within the same scale can yield radically different results
-
as was demonstrated by the selection of FM patches for the magenta and cyan
printers.
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Figure 6.7 Variability vs Printed Dot Size
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Chapter 7
Conclusions
The analysis of the data collected in this study provided some expected results,
as well as a few surprises.
Border Zone And Dot Gain
As expected the first hypothesis - that when all other factors are held constant,
tone scales printed with higher screen frequencies will demonstrate higher
average dot gain than scales printed with lower screen frequencies - showed a
strong correlation between an increase in dot gain associated with an increase
in screen ruling. In this instance the precepts of the border zone theory are well
demonstrated. An examination of the nature of the gain within each screening
system demonstrated a characteristic bell shape again validating the concept of
the border zone.
As expected, the third hypothesis
- that when all other factors are held constant,
tone scales printed with FM screens will demonstrate higher average dot gain
than scales printed with tradition amplitude modulated screens
- revealed that
the gain in the FM screen was significantly higher than all but the very fine
conventional screens. This also verifies the ability of the border zone theory to
describe the nature of dot growth in a printing system. An interesting study
would involve taking the regression data from the conventional screens, deter
mining a method for relating the resolution
of a FM screen (expressed in the
frequency domain) to the resolution of a conventional screen (expressed in the
amplitude domain), plot the FM screen in relation to the regression curve, and
determine the expected gain characteristics for FM screens of various resolutions.
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Border Zone And Variability
Using the border zone theory to predict variability proved to be unsatisfactory.
In the case of the second hypothesis which attempted to predict the level of
variability based on screen ruling
- that when all other factors are held constant,
tone scales printed with higher screen frequencies will demonstrate a greater
dot gain range (variability) throughout a press run than scales printed with
lower screen frequencies - the results demonstrated that there was no significant
relationship between screen ruling and variability. The standard deviation data
for an entire scale suggest that the variability may increase as the screen fre
quency is increased. The correlation analysis however, failed to demonstrate the
existence of this relationship. These discrepancies are a result of the design of
the experiment coupled with the change in variability occurring within a printed
scale. Depending on which the sample patch is analyzed, the systemmay appear
more or less stable. An area of further study would involve analyzing an entire
tonal scale for variability versus screen ruling, rather than isolating the analysis
to the area of greatest gain.
Comparing the FM screen to the conventional screens as suggested in the
fourth hypothesis - that when all other factors are held constant, tone scales
printed with FM screens will demonstrate a greater dot gain range (variability)
throughout a press run than scales printed with tradition amplitude modulated
screens
- yielded conflicting results. Again this may have been due to the
design of the experiment. Utilizing the method put forth in this study, it appears
that the FM screen actually provided a more stable process when compared to
systems using conventional screening. A closer look at the standard deviation
data for the entire scale brings this observation into jeopardy. As with hypothe
sis #2 a better design might entail analyzing the entire scale for variability.
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Dot Gain, Variability, And SID
It is generally accepted that dot gain is affected by solid ink density , the greater
the ink film thickness, the higher the gain. This study has revealed a relation
ship between screen ruling and dot gain. It follows that for any given screen
ruling the level of the gain will vary with level of the ink film. It also follows
that as the screen frequency is increased the level of the gain is increased. What
this study has failed to substantiate however, is the notion that as the screening
frequency is increased, the variability is increased. Noteworthy of the informal
analysis of the standard deviation was the fact that the FM screen variability
seemed somewhat lower than the 300 or 500 tine screens. This may suggest a
relationship between ink film thickness and image resolution. As described in
the theoretical background section: as an image spot becomes finer, its ability
to accept an ink film is reduced. This would explain why fine screens experi
ence higher levels of gain without having higher levels of variability. The bor
der zone accurately describes the higher level of gain experienced by fine
screens, but since the tint areas can only receive a specific ink film thickness
they are less susceptible to changes in solid ink changes. Consequently they
experience less variation.
This research leads to many areas for further study:
1) Can FM screens utilize higher solid ink densities than conventional screens?
2) If indeed FM screens can utilize higher solid ink densities, is the gamut of
colors achievable greater?
3) Is the ink water balance a factor in the question of reduced variability and
FM screens?
4) What is the public's reaction to images printed with FM screens?
5) Are there images which do not lend themselves to FM reproduction?
6) What is the optimal spot size for any given printing system when utilizing
FM screens?
7) How well does FM screening perform on newsprint?
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An interesting project would be to take the raw data provided in this study and
generate tone reproduction curves from which separations could be made for
each of screening systems printed. This would provide a good means for gener
ating images which are better calibrated than those printed in this study. This
would provide a good starting point for examining some of the issues concern
ing this new technology
The author feels that many of the claims made by the vendors of FM screens
are true: image detail is enhanced, moire is eliminated, images appear sharper,
and as demonstrated by this study, variability is lower than very fine conventional
screens. The fact of higher dot gain can be compensated for in the generation
of the digital image. This study also revealed some of the weaknesses of the
new technology: RIP times were greater for FM images; conventional screens
and FM screens could not be proofed with the same optical proofing system;
plate exposures were critical; and some artifacts were apparent in the images.
Overall the system merits strong consideration by anyone attempting to distin
guish themselves from their competition. Except for the longer RIP times
(which is a hardware limitation sure to be overcome in time) the author sees a
strong application in newspapers where the desire to print a high quality image
within the physical limitations provided by the system is very high. There also
exists intense competition among rival newspapers to distinguish themselves
on the basis of quality. For these reasons this technology is well suited to the
newspaper area. Additional testing in this area could prove to be very fruitful.
Bibliography
Agfa Div. Miles, Inc., Presentation to the Rochester Printing Craftsmen Club,
Rochester New York, October 10, 1993
Alexander, George, "Frequency-Modulated Screening
Technology"
The
Seybold Report on Publishing Systems, May 19, 1993, vol. 22, no. 16.
Archer, H.B., "Reproduction of Gray with
Halftones"
TAGA Procedings
(Rochester, NY: Technical Association of the Graphic Arts, 1954).
Beyer, Paul, "How Stochastic Technology is Being
Implemented"
Printing
News, Decembr 6 1993.
Bruno, Mike, "The Screening
Contrversy"
Taga Newsletter, Summer 1993.
Bruno, Mike, What's New(s) in Graphic Communications, no. 104, May-June,
1993.
Carli, Donald, "Screening: Making Order Out of
Chaos"
High-Volume Printer,
vol. 11, no. 5, October 1993.
Calabro, G. Fabbri, I. and Laurenzi, A. "Influence of Some Parameters on
Tonal Value
Reproduction"
Proceedings of the Ninth International Conference
of Printing Research Institutes held in Rome, 1967.
Davis Inc., Hi-Fi Color - "The High Fidelity Future of Print and Visual
Media"
Hi Fi Color Project, 1993.
DePaoli, Alan, "Effects of Printing Conditions on Dot Gain on an Offset
Newspaper
Study"
TAGA Procedings (Rochester, NY: Technical Association




Pre-, vol. 6 no. 2, March/April 1994.
Fraser, Bruce, "Hi-Fi
Color"
Publish, vol. 8 no. 5, May 1993.
Gold, Ira, "The Promise of Stochastic
Printing"
Color Publishing, July /August,
1993.




Hamilton, Jim, "Random Screening Pave theWay for Sharper
Images"
Printing
News Midwest, vol. 59 no. 12, December, 1993.
Hamilton, Jim, Linotype Hell, Private Conversation, March, 15, 1994
Hevenor, Kieth, "Stochastic Screening Recaptures Classic
Photogravures"
Color Publishing, January/February, 1994.
Hinson, David, "Stochastic Screening and
Platemeking"
Newspapers &
Technology, vol. 6 no. 2, March, 1994.
Hunt, Eugene, "Product and Technology
Overview"
Agfa Crystal Raster
Technology, (New Jersey: Agfa Div. Miles, Inc. May, 1993).
Klensch,R.J., Meyerhofer, Dietrich, andWalsh, J.J., "Electronically Generated
Halftone
Pictures"
TAGA Procedings (Rochester, NY: Technical Association of
the Graphic Arts, 1970).
Link, Dawn, RITMasters Thesis, (Rochester, NY: Rochester Institute of
Technology 1986).
Lu, Yi-sheng, "An Investigation of Quantification of Image Quality with
Respect to Screen Ruling on the appearance ofMulti Color
Print"
RITMasters
Thesis, (Rochester, NY: Rochester Institute of Technology 1987).
Messina,William, S., Statistical Quality Control forManufacturingManagers,
JohnWiley & Sons, New York, p. 104
54
Neugebauer, H.E.J., Bickmore, J.T., and Rhodes, W.L. "Experimental
Investigation of the Effect of Screen Size on the Appearance ofMulticolor
Prints"
TAGA Proceedings (Rochester, NY: Technical Association of the
Graphic Arts, 1962).
Rhodes, Warren L., "Evaluating Sharpness in
Lithography"
TAGA
Proceedings, (Rochester, NY: Technical Association of the Graphic Arts,
1955).
Sigg, Franz, Rochester Institute of Technology, Private Conversation, March,
29, 1994
Sigg, Franz, Rochester Institute of Technology, Private Conversation, Mary, 5,
1994
Sun, David, RITMasters Thesis, (Rochester, NY: Rochester Institute of
Technology 1991)
Tangseree, Chantana, "Experimental Quantification of the Image Quality Loss
Due to the Effect of Screen
Ruling"
RITMasters Thesis, (Rochester, NY:
Rochester Institute of Technology 1984).
Viggiano, Steve J.A., "The GRL dot Gain
Model"
TAGA Proceedings,
(Rochester, NY: Technical Association of the Graphic Arts, 1983).
Yule, J.A.C. and Howe, D.J., "The Penetration of Light Into Paper and its
Effect on Halftone
Reproduction"
TAGA Proceedings, (Rochester, NY:
Technical Association of the Graphic Arts, 1951).
